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Risk factor 2 years OR (95% CI);
p-value
6 years OR (95% CI); p-value
Subsequent
ipsilateral
revision ACLR
1.6 (1.0, 2.5); p¼0.049 2.4 (1.5, 3.9); p<0.001
Subsequent
ipsilateral
arthroscopy
1.7 (1.2, 2.3); p¼0.001 2.4 (1.8, 3.4); p<0.001
Untreated
lateral
meniscal tear
0.64 (0.46, 0.89); p¼0.008 0.68 (0.49, 0.95); p¼0.026
Abstracts / Osteoarthritis and Cartilage 22 (2014) S57–S489 S329574
THIGH MUSCLE WEAKNESS 4 YEARS AFTER PARTIAL
MENISCECTOMY IS ASSOCIATED WITH RADIOGRAPHIC FEATURES
OF OSTEOARTHRITIS 11 YEARS LATER
Y.B. Ericsson y, H. Owman z, E.M. Roos x, M. Englund k,{, L.E. Dahlberg k.
yDept. of Orthopedics, Skane Univ. Hosp., Malm€o, Sweden; zDept. of
Orthopedics, Clinical Sci., Lund Univ., Malm€o, Sweden; xRes. Unit for
Musculoskeletal Function and Physiotherapy, Dept. of Sports Sci. and
Clinical Biomechanics, Univ. of Southern Denmark, Odense, Denmark;
kDept. of Orthopedics, Clinical Sci., Lund Univ., Lund, Sweden; {Clinical
Epidemiology Res. & Training Unit, Boston Univ. Sch. of Med., Boston,
MA, USA
Purpose: To examine the association between thigh muscle strength 4
years after partial meniscectomy due to a medial non-traumatic tear,
with radiographic features of osteoarthritis 15 years after the
meniscectomy.
Methods: 34/45 subjects (11 women) with mean age 57 (range 50-61)
years, who participated in an exercise trial post-meniscectomy and
underwent baseline testing for isokinetic thigh muscle strength 4 years
after surgery, came back for radiographic examination 15 years after
surgery. Endpoints were grade of joint space narrowing (JSN) and
osteophyte (OF) score in the medial tibiofemoral compartment (MTFC)
of the index knee and the contralateral knee. Radiographs were read by
two observers separately, blinded to the exposure status and consensus
reached by adjudication. We tested the association between muscle
strength and the radiographic OA features using linear regression
analyses adjusted for age, sex and body mass index (BMI).
Results: At baseline (pre-exercise) mean age was 46 years, mean BMI
was 26.0, mean knee extensor and ﬂexor strength deﬁcit in the index
leg were 11% and 3%, respectively. At the 15 year follow-up, all subjects
but one had joint space narrowing (JSN) in the MTFC of the index knee,
and 23/34 subjects had JSN in the MTFC of the contralateral knee. 27/34
subjects had osteophytes (OF) in the MTFC of the index knee and 22/34
subjects had OF in the MTFC of the contralateral knee.
In the index knee we found a negative association between baseline
knee extensor and knee ﬂexor strength and grade of JSN at follow-up
both in the crude and adjusted model (R2 ¼0.43 and 0.40, p¼0.014 and
0.028, respectively, adjusted model).
Further, in the index knee, knee extensor and knee ﬂexor strength were
inversely associated with OF score (R2¼ 0.40 and 0.38, p¼ 0.013 and
0.021, respectively, adjusted model).
In the contralateral knee, the association between baseline knee
extensor and knee ﬂexor strength and JSN grade at follow-up was weak
and nonsigniﬁcant (R2¼ 0.25 and 0.24, p¼ 0.48 and 0.61, respectively,
adjusted model). However, we found a tendency to a negative associ-
ation between knee extensor strength and OF score (R2¼ 0.46, p¼0.057,
adjusted model) but no signiﬁcant association between knee ﬂexor
strength and OF score (R2 ¼0.45, p¼0.093, adjusted model).
Conclusions: Better thigh muscle strength 4 years after surgery was
associated with less OA changes in themeniscectomized knee but not in
the contralateral knee 11 years later. Our ﬁndings indicate that good
thigh muscle strength may reduce the risk of radiographic knee OA
development after meniscectomy due to a non-traumatic tear.
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PREDICTORS OF KNEE PAIN (KOOS) CONSISTENT WITH OA
SYMPTOMS AT 2 AND 6 YEARS AFTER PRIMARY ACL
RECONSTRUCTION: A MOON PROSPECTIVE LONGITUDINAL COHORT
STUDY
D. Wasserstein, L.J. Huston, MOON Group, K.P. Spindler. Vanderbilt Univ.
Med. Ctr., Nashville, TN, USA
Purpose: Knee pain after anterior cruciate ligament (ACL) recon-
struction (ACLR) can be severely disabling in some patients, and may be
moderated by concurrent injury, subsequent injury, or patient demo-
graphic factors. In a cohort of patients with intact cruciate ligaments
who had undergone meniscectomies, Englund et al.1 previously iden-
tiﬁed score thresholds of the Knee Injury and Osteoarthritis Outcome
Score (KOOS) which signiﬁcantly correlated with both radiographic and
symptomatic osteoarthritis (OA). However, this deﬁnition has yet to be
utilized in a cohort of anterior cruciate ligament (ACL) reconstructed
(ACLR) patients to identify the prevalence and risk factors for pain
consistent with symptomatic OA. As such, the objective of this study
was to apply Englund’s deﬁnition of a “symptomatic knee” to a cohort ofprimary ACLR patients with varying meniscal and articular cartilage
pathologies, and to determine risk factors for the development of knee
pain consistent with symptomatic OA 2 and 6 years following ACLR.
Methods: Englund’s criteria of a symptomatic knee consistent with OA
is based on threshold cut-off scores from the KOOS (KOOS quality of life
subscale < 87.5 and at least two of: KOOS pain < 86.1, KOOS symptoms
< 85.7, KOOS ADL < 86.8, or KOOS sports/rec < 85.0). Patients were
obtained from a prospective longitudinal cohort of the Multicenter
Orthopaedics Outcome Network (MOON), who had ACLR surgery
between 2002 and 2005, and who are followed up at 2, 6 and 10 years.
Patients with prior contralateral ACLR or where the index event was a
revision ACLR were excluded. Independent variables included patient
demographics (age, gender, BMI, smoking status, education level, main
sport played at the time of injury, enrollment year), validated outcome
instruments (KOOS, WOMAC, Marx activity), surgical characteristics
(graft type, meniscal pathology/treatment, articular cartilage pathol-
ogy), and incidence of subsequent surgery on either knee. Proportional
odds models were used to predict risk factors among independent
variables for a painful knee at either 2 or 6 years following index ACLR.
Risk factors consistent in both models are reported with odds ratios
(OR) and associated 95% conﬁdence intervals (CI). All p-values were
considered two-sided with alpha set at 0.05.
Results: 1,753 ACLR patients met the inclusion criteria. At 2 years, fol-
low-up was available in 1,488 (84.9%), and at 6 years in 1,491 (85.1%).
The cohort included 982 males (56%) with a median age of 23 years at
the time of surgery and a median BMI of 24.8 kg/m2. The number of
patients who met the criteria for a symptomatic knee in mild OA was
656 (44%) at 2 years and 586 (39%) at 6 years. In multivariate models,
subsequent ipsilateral revision ACLR and ipsilateral arthroscopy sig-
niﬁcantly increased the odds of having a painful knee at both 2 and 6
years (Table 1). A lateral meniscal tear left untreated (compared to no
tear), was protective against the development of a painful knee.Only at
2 years was the chondral status at the index ACLR predictive of a painful
knee, including a grade IV lateral femoral condyle lesion (OR¼3.6 (1.1,
12.0); p¼0.038) and grade IV patella lesion (OR¼1.63 (1.02, 2.6);
p¼0.04). These relationships did not hold at 6 years. Conversely, a high
Marx activity level at 2 years proved to be protective against the
development of a painful knee at 6 years only (OR¼0.70 (0.54,0.91);
p¼0.011).
Conclusions: Approximately 40% of our cohort met Englund’s criteria
for symptomatic knee OA 6 years after a primary ACLR. The strongest
predictors were subsequent ipsilateral revision ACLR or arthroscopy.
Patients who require subsequent surgery should be considered high-
risk, and the relationship between these patient-reported outcomes
and structural changes (i.e., the development of radiographic OA)
warrants further study.
References: 1.Englund M, Roos EM, Lohmander LS. Impact of type of
meniscal tear on radiographic and symptomatic knee osteoarthritis.
Arthritis Rheum. 2003; 48(8):2178-87.576
MR T1r AND T2 OF MENISCUS AFTER ACUTE ANTERIOR CRUCIATE
LIGAMENT INJURIES
A. Wang, E. Abramson, M. Kretzschmar, L. Nardo, T.M. Link, C.B. Ma,
X. Li. Univ. of California, San Francisco, San Francisco, CA, USA
Purpose: Acute anterior cruciate ligament (ACL) injuries are high-risk
factors for post-traumatic osteoarthritis. Although cartilage changes in
such cases have been widely studied, less research has been conducted
on MR quantitative evaluation of meniscus after acute ACL injuries. The
Abstracts / Osteoarthritis and Cartilage 22 (2014) S57–S489S330goal of this study was to evaluate changes in meniscal T1r and T2
quantiﬁcation in patients with acute ACL injuries and to determine
correlations of these changes to MR clinical grading and patient-
reported outcomes.
Methods: Seventeen control subjects (age¼ 31.0 4.6 years; 6 females)
and 45 patients with acute ACL injuries (age ¼ 30.0  8.2 years; 20
females) were scanned using a 3T MR scanner. Injured patients were
scanned post-injury and prior to ACL reconstruction. On the day of MR
scan, patients completed the Knee Injury and Osteoarthritis Outcome
Score (KOOS), a validated self-assessed questionnaire with ﬁve cate-
gories: pain, other symptoms, function in sport and recreation, function
in daily living (ADL), and knee-related quality of life (QOL). Imaging
protocol included sagittal T2-weighted 3D fast spin-echo images (CUBE)
and sagittal 3D T1r and T2 quantiﬁcation sequences. Modiﬁed whole-
organ magnetic resonance imaging scores (WORMS) were determined
using CUBE images. Menisci were segmented semi-automatically using
CUBE images into four sub-compartments: anterior horn of the lateral/
medial meniscus (AHLAT/AHMED) and the posterior horn of the lateral/
medial meniscus (PHLAT/PHMED). These regions of interest (ROI) were
overlaid onto T1r and T2 maps, and mean T1r and T2 values were
calculated for each ROI. Paired T-tests were performed when comparing
injured knees to contralateral (contra) knees; unpaired T-tests were
performed when comparing injured knees to the control group; and
Spearman correlation coefﬁcients were calculated between meniscal
T1r/T2 values and WORMS/KOOS.
Results:Mean T2 values were signiﬁcantly higher in ACL-injured knees
compared to control group knees in all four sub-compartments (AHLAT,
PHLAT, AHMED, and PHMED (all P < 0.05)) and were especially higher
in the PHLAT (P¼ 0.0004). T2 values were also signiﬁcantly higher in all
four sub-compartments of ACL-injured knees compared to contra knees
(all P< 0.05). Mean T1r values of the PHLATwere signiﬁcantly higher in
ACL-injured knees compared to contra knees (P ¼ 0.03), but did not
reach signiﬁcance in comparison to control group knees (P ¼ 0.08).
ACL-injured knees without meniscal tears (WORMS ¼ 0 or 1) had sig-
niﬁcantly higher T2 values compared to control group knees in the
AHLAT, AHMED (P < 0.05), and especially in the PHLAT (P ¼ 0.004) (see
Figure 1). ACL-injured knees without meniscal tears also had sig-
niﬁcantly higher T2 values compared to contra knees in the AHLAT and
AHMED (P < 0.05). However, no signiﬁcant difference was found in T1r
values when comparing ACL-injured knees without meniscal tears to
both the control group and contra knees.
There was a signiﬁcant positive correlation between meniscal WORMS
and T1r/T2 mean values of ACL-injured knees in both the PHLAT and
PHMED (all P < 0.001).
Signiﬁcant negative correlations were found between KOOS and T2 (P<
0.05) in the PHLAT for pain, symptoms, and ADL (r¼ -0.38, -0.48, -0.46).
Conclusions: This study found that acute ACL injuries lead to increased
T1r and T2 values in the meniscus, with increases in T2 values being
more signiﬁcant. We observed a particularly signiﬁcant association
between meniscal damage and elevated T1r and T2 measurements in
the PHLAT. Interestingly, signiﬁcantly elevated T2 values were also
found in ACL-injured knees without meniscal tears compared to con-
trols, indicating that quantitative MR imaging is more sensitive thanclinical imaging in detecting composition damage in the meniscus. We
also observed that T1r and T2 values increase with the severity of
meniscal damage (increased WORMS) in acute ACL injuries. Correlation
between T2 values and KOOS suggest a notable relationship between
meniscal damage and patient outcomes after acute injuries. Application
of quantitative MR imaging can thus be valuable in evaluating meniscal
condition of ACL-injured knees. We are currently following up on these
patients to evaluate the longitudinal composition changes of meniscus
after ACL injury and reconstruction.
Acknowledgments: This study was supported by NIH/NIAMS P50
AR060752.
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UNDERSTANDING YOUNG PEOPLE WITH OLD KNEES: CARTILAGE
MORPHOLOGY AT 2 YEARS FOLLOWING ACL RECONSTRUCTION
WITH AND WITHOUT COMBINED MENISCECTOMY
X. Wang y, K.L. Bennell y, T.V. Wrigley y, Y. Wang z, F.M. Cicuttini z,
K. Fortin y, D.G. Lloyd x, A.L. Bryant y. y The Univ. of Melbourne,
Melbourne, Australia; zMonash Univ., Melbourne, Australia; xGrifﬁth
Univ., Gold Coast, Australia
Purpose: Although anterior cruciate ligament reconstruction (ACLR)
effectively restores anterior knee stability and improves functional
capacity, several studies have failed to identify any osteoarthritis
(OA) prevention-related advantages, at both the tibiofemoral (TFJ)
and/or patellofemoral (PFJ) joints, of surgical reconstruction com-
pared to conservative management. Moreover, severe meniscal
injury, frequently occurring at the time of ACL injury, often requires
meniscectomy, which unfortunately has adverse effects on the
mechanics of the TFJ that can increase the likelihood and severity of
TFJ OA in the years following ACLR. It is important to identify early
cartilage morphological changes following ACLR and meniscectomy
so that OA prevention strategies can be implemented. The aim of
this study was to examine cartilage morphology at 2 years after
ACLR with or without combined partial meniscectomy compared
with healthy controls using semi-quantitative and quantitative
magnetic resonance imaging (MRI).
Methods: MRI was performed on the knees of 130 subjects aged
between 18 to 40 years old using T1-weighted 3D gradient recall
acquisition. Three groups included 79 patients with isolated ACLR, 21
patients with combined ACLR and partial meniscectomy and, 30 healthy
controls. The ACLR was performed with a standard single-bundle
transtibial technique using hamstring autograft. Cartilage defects were
assessed usingmodiﬁed Outerbridge scores in ﬁve regions (medial tibia,
medial femoral condyle, lateral tibia, lateral femoral condyle and
patella), and cartilage volume was measured in three regions (medial
tibia, lateral tibia and patella) using validated methods.
Results: The three cohorts had similar age and gender proﬁles, with the
exception of BMI, where the combined group had signiﬁcantly higher
BMI and were heavier than the isolated ACLR and control groups. Car-
tilage defects (grade  2) across the knee were more prevalent in the
isolated ACLR group (30.1%) and combined group (51.4%) than in con-
trols (3.3%). The prevalence of cartilage defects was higher in the lateral
TFJ for both isolated ACLR (lateral femoral condyle: Odds ratio [OR] ¼
136.3, 95% conﬁdence interval [CI] 15.2 - 1220.1; lateral tibia: OR ¼ 4.1,
95% CI 1.01 - 16.5) and combined group (lateral tibia condyle: OR ¼
348.6, 95% CI 28.9 - 4199.1; lateral tibia: OR ¼ 5.6, 95% CI 1.02 - 30.5)
than controls. Additionally, the combined group showed a higher
prevalence of patella cartilage defects compared with controls (OR ¼
31.1, 95% CI 2.6 - 375.2). There was no difference in the prevalence of
cartilage defects between the two surgical groups. Cartilage volumewas
signiﬁcantly less in the isolated ACLR group (medial tibia: 19.0%, p <
0.001; lateral tibia: 14.3%, p ¼ 0.001; patella: 14.4%, p ¼ 0.001) and
combined group (medial tibia: 26.4%, p < 0.001; lateral tibia: 16.4%, p ¼
0.003) compared with controls. Comparing cartilage volume between
the surgical groups, the combined group showed signiﬁcantly less
cartilage volume than isolated ACLR in the medial tibia (10.0%, p ¼
0.022), but not at other cartilage regions.
Conclusions: Cartilage morphology, as reﬂected in cartilage defects and
volume, of ACLR patients with and without meniscectomy at 2 years
following surgery was signiﬁcantly inferior compared with healthy
controls. Furthermore, concomitant meniscectomy was associated with
a higher level of cartilage degeneration than isolated ACLR. Our ﬁndings
clarify early changes in cartilage morphology following a common
surgical procedure performed on young, physically active individuals.
